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A NEW APPROACH TO AUTOMATED I SOTACHOPHORESIS WITH MULTICHANNEL ZONE DETECTION 



ERNST SCHUMACHER, WOLFGANG THORMANN. and DIETER AAN 

Institut fur anorganische und physikalische Chemie der Universi ta"t Bern, 
Freiestrasse 3, CH-3012 Bern 



U One of the early publications on i sotachophoresis used a simple apparatus 
in which a filter paper strip in an insulating cooling bath served as carrier 
for the LE (leading electrolyte), SS (separand solution) and TE (terminating 
electrolyte) (ref. 1). The component zones were detected simultaneously e.g. by 
reagent sprays or autoradiography (labelled separands). Since no buffer was 
added, zone boundaries were also revealed by a scan with a tiny glass-electrode 
along the wet strip* Konstantinov et al . (ref, 2) proposed a version of simulta- 
neous detection of all zone boundaries in a quartz capillary. They observed a 
diffraction pattern which changed with the refractive Index of the zones of e.g. 
chloro-complexes of heavy fnetals. Hjerten et al . (ref. 3) scanned a quarts-tube 
repeatedly at two UV- frequencies and obtained information on the time-develop* 
ment of the isotachophoretic pattern with AMP, ADP, and ATP. Hinckley (ref. 4) 
mentions isotachophoresi s as an automatable method of analysis for electrolytes. 



2. We were led to investigate automated i sotachophoresis with multichannel 
detection (ref. 5) in order to shorten the duration of an analysis, to gain in- 
formation on the validity of the Kohlrausch steady state condition, and to in- 
crease the precision of the zone lengths by multiple independent measurements. 

Where applicable, i sotachophoresis produces simple rectangular concentration 
distributions of separands (if the finite width of the boundaries between com- 
ponents is neglected). Because this is a moving pattern, each zone exhibits a 
characteristic field strength (E * |£|) which changes abruptly between zones. 
In weakly buffered systems there is a stepwise monotonous increase of E from 
the LE through the pattern to the diffuse boundary of the TE and the sample 
origin (inversions (ref. 6) are very rare indeed in contrast to strongly buf- 
fered systems; where they are common (ref. 7)). It is, therefore, not necessary 
to wait at the end of the separation device in order to detect the zones as it 
is mandatory e.g. in HPLC or GC, where highly non linear adsorption isotherms 
require a comparable number of HETP's for each separand for evaluation. 
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Since the field strength is the most general physical property characterizing 
the separand pattern, Us quasi -continuous measurement at many points along the 
column gives the necessary information about 

- the evolution of mixed zones into separate ZOne$» Fig. 1 and Fig. 4, 

- the approach to the steady state pattern for every boundary and, therefore, 
the minimum time for a valid isotachophoretic measurement of each zone length. 
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Fig* 1* Schematic of a two-component isotachophoretic separation with multiple 
detection channels. At bottom! Kohlrausch's Omega function. For a practical 
example refer to Fig. 4. 

3. We use an equidistant array of 255 electrode pairs perpendicular to the 
column (electrodes 50 urn wide. 500 S thick, distance of the pairs 340 urn) which 
reside on a thin glass plate. This forms one wall of the rectangular separation 
column (dimensions 1*0.2 mm 2 ); a plastic gasket defines the channel which is 
closed by a metnacrylate slab. The glass-electrode carrier is in good thermal 
contact with a water- or Peltier-cooled aluminum slab. In Fig. 2 a schematic of 
the multichannel detection system together with the auxiliary devices is shown. 
The handling of the fluids is accomplished through appropriate channels in and 
Stop-cocks attached to the metnacrylate body. In Fig. 3 the electrode array is 
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reproduced. It is not possible to resolve the fine electrodes along the column 
without glossy print. The electric field strength scan takes place over the wide 
enlarged end of the electrodes. It consists of a pair of graphite points (medium 
hard pencils) which are moved from pair to next pair by a Stepper motor. In 
Fig. 4 a two component mixture is measured at five different electrode pairs, 
used as single detectors. Fig. 5 exhibits the field strength scan at channel 220 
of a 14 component analysis for comparison with conventional methodology* 




Fig* 2, Schematic of the multichannel isotachophoretic unit. 

A/0 analog to digital converter; B buffer; BP block of plastics; D differentia- 
tor; DE detection electrodes; El Pt-electrode vessel with terminating electro- 
lyte; E2 Pt-electrode vessel with leading electrolyte; H screw for Opening and 
Closing of SIB; 3-way stopcock with 90° channel; I isolation amplifier; 
LF low pass filter; Ml piston pump for counterflow; M2 oiston pump for pushing; 
MCS microcomputersystem with KS-computer, floppy disk, CRT terminal, printer; 
Me menbrane; USD mechanical scanning device; N notch filter; P peristaltic pump; 
PS constant current power supply; R two channel recorder; S sample syringe; 
Se septum; S/H sample and hold; SIS sample inlet block; SI slab; ST separation 
and detection tube; T terminating electrolyte; Th thermostat; Tr 220V/24V trans- 
former with separated primary/secondary and isolation for >20 kV; W water; 
Ua waste. 
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Fig. 3. Array of 256 Electrodes on a glass plate. C marks the separation column. 
S the scan path. 

4. Automation of isotachophoresis and evaluation of the measurements is accom- 
pli shed in this set-up with the following weans. One measurement takes *30 msec. 
The digital readout at every pair is successively stored in the RAM of a micro- 
processor system. After a controlled Scan of the 255 pairs the data is analyzed 
with the following algorithms: 

- rough identification of the boundaries by AE/Ax spikes, 

- integration of the E(x) curve (summation at equidistant points)* 

- straight line fit by least squares for each zone, 

- interpolation of precise zone boundaries at the intersection of two neighbou- 
ring straight lines, 

- storing *one boundaries. 

These operations take place during the backtrace of the scan^electrodes (approx> 
1 sec). Between successive scans the speed of the boundaries is obtained. As 
soon as this is eo,ual for every boundary and spurious boundaries have vanished, 
the microprocessor takes 10 zone length measurements and determines their means 
and standard deviations. A resolution of ±50 urn is easily obtained, finally the 
lengths are corrected for the time lag between the measurements at different 
electrode pairs- The analytical results are in digital form together with a 
standard error. If a calibration matrix of appropriate mobility data is stored, 
mole numbers or any other representation of absolute or relative composition 
can be printed. Calibration is automated with a special component mixture appro- 
priate to the sample series under tesc. 
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Fig. 4. Two-component mixture measured at five different channels illustrating 
the schematic of F1g. 1. 



Leading electrolyte 
Terminating electrolyte 
Counter ion 
Solvent 

Additive to leading electrolyte 
Separation tube 



Electrodes 

Injected sample volume 
Sample solution 

Migration current 
Separation time 



hydrochloric acid 
sodium lactate 

water 

0.05 % Mowiol 



2.5*10-* 
1G- 2 



width 
hei ght 
length 



1 

19.6 



Cfl1 



width 0.06 mm 
interval 0.34 mm 
number 256 

12 ill 

maleic acid 
phosphoric acid 

300 uA 
^7 min 



1.22*10" 3 M 
1.26*10~ 3 M 
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Fig. 5. 1 4-component analysis at channel 220. 

Leading electrolyte 
Terminating electrolyte 
Counter ion 
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Additive to leading electrolyte 
Injected sample volume 
Migration current 

Detection after separation In channel 
Separation time 



Above differentiated signal. 



hydrochloric acid 2. 
sodium acetate 
H 3 0 + 
water 

0.05 % Mowiol 

12 yl 
150 uA 

M0 min 



5*10 

10' 





pK, 


pH 


1 Hydrochloric acid 




2,60 


2 Nitric acid 


-1.32 


2.62 


3 Haleic acid 


1.83 


2.94 


4 Phosphoric acid 


2.12 


2.99 


5 Nitrous acid 


IM) aversion! 


3.02 


6 Chloracetic acid 


3.02 


7 Tartaric acid 


2.98 


3.02 


8 Citric acid 


3.14 


3.06 


9 Malic acid 


3.40 


14 


10 Glycol ic acid 


|;||g} ApK = 0.0271 


3.35 


11 Lactic acid 


3.38 


12 Ascorbic acid 


4.10 


3.53 


13 Glutamic acid 


4.20 


3.72 


14 Acetic acid 


4-/6 


3.82 



'AGE 819 ' RCVD AT 4/812005 11:22:08 AM [Eastern Daylight Time] * SVR:USPT0-EFXRF-1J4 « DNIS:8729306 * CSID:4082520S41 » DURATION (miMS):04-2l 



BEST AVAILABLE COPY 



4-24-1997 3:28AM 



FROM MACEVICZ 40S2B208d1 



P. 9 



39 

5. The advantages of this multichannel detection over conventional single de- 
tector* are manyfold: 

- information about the time-evolution of the separation pattern is secured. 
This very often contributes to the identification of zones. It enables kine- 
tic measurements in systems with chemical reaction boundaries (ref. 8); 

- a quantitative criterion for the validity of the Isotachophoretic state for 
every zone boundary is obtained (constant speed, constant zone length within 
predetermined and controlled error-bounds); 

- simultaneous measurement of all zone boundaries leads automatically to the mi- 

- the measuring and evaluation processes are completely automatic; 

* the microprocessor, its auxiliary chips and output devices with programs in 
TPROM costs less than a strip chart recorder. It is easily possible to add a 
visible analog readout of the zone pattern in order to directly observe the 
evolution of the analysis. 

We have not yet attached an automatic sampling system because this part of the 
process has been solved with other analytical methods* It is feasible to realize 
the same advantages with other detectors, eJg. using differences of refractive 
index or UV^absorption with appropriate scanning devices under microprocessor- 
control, 
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